The results of several investigations1-5 have suggested that nucleic acids play a role in mediating the anabolic action of androgens. RNA extracted from prostatic nuclei of androgen-treated castrates enhanced the incorporation of amino acids into protein in a bacterial ribosomal system.6 An RNA preparation from the uteri of estrogen-treated rats induced morphologic changes resembling those produced by estrogen when the RNA was applied locally to the uterine lumen of castrated rats. 7 The activity of uterine alkaline phosphatase in castrated mice was increased by the local application of RNA from the uteri of mature mice. 8 The observations of Beerman, Clever, and Karlson that ecdysone appears to stimulate the transcription of specific genetic loci in Chironomus has led to the suggestion that other hormones may have an effect at a similar site.
The accessory sex glands of immature animals begin to grow concomitantly with the onset of secretion of male sex hormones from the testis. The experiments reported here show that the seminal vesicle of the three-week-old rat increases markedly in weight and reaches a peak within 48 hours of the injection of testosterone. Little is known about the possible role of RNA in regulating the growth of the seminal vesicle and other accessory male sex organs of immature animals. To test the possible role of RNA in regulating growth, we chose as our test object the seminal vesicle of the three-week-old rat, known to be sensitive to administered testosterone. 9 In this communication we wish to present evidence that testosterone increases the synthesis of RNA in the seminal vesicle and prostate, that this RNA can be extracted and instilled into the lumen of the seminal vesicle of other three-weekold rats, and that it is then effective in stimulating the growth and the synthesis of protein in the tissue.
Materials and Methods.-Preparation of RNA: RNA was extracted from the seminal vesicle, ventral prostate, liver, and kidney of testosterone-treated and control 3-week-old rats and of adult male rats using the phenol sodium dodecylsulfate procedure.10 The RNA extracts were washed once with 95% ethanol and twice with ethanol-ether. The ethanol-ether was then evaporated to dryness. The RNA was dissolved in 0.9% saline, and its concentration was determined using the orcinol reagent1 and a standard sample of yeast RNA. To destroy the biologic activity of the RNA, aliquots were hydrolyzed by ribonuclease (Worthington), 20 ,g/mg RNA, at 370 for 20 min or were heated in boiling water for 15 min. Aliquots of this hydrolyzed RNA were examined chromatographically on DEAE cellulose'2 to ascertain whether hydrolysis was complete.
One mg of testosterone dissolved in 70% propylene glycol was injected subcutaneously into 3-week-old male rats. The rats were killed 12 hr later and the total RNA was extracted from the appropriate organs. In a separate experiment, animals were killed at 6, 12, 24 hr and at 2, 3, 4, 5, 6, and 7 days after the administration of testosterone, and the organs were weighed. Control animals in these groups were injected with 70% propylene glycol.
Injection of RNA: Three-week-old rats were anesthetized with ether and the seminal vesicles were exposed. A freshly prepared solution of RNA was injected into both lobes of the seminal vesicles using a microinjector with a 27-gauge hypodermic needle. Each injection contained 60-75 ,ug of RNA dissolved in 0.02 ml of saline. Untreated rats were subjected to ether anesthesia and laparotomy but did not receive an injection of RNA. Forty-eight hours after the RNA was injected, the animals were decapitated and the organs were dissected out and weighed with a torsion balance to 0.1 mg. In a separate experiment the time course of the effect of RNA was determined by killing rats 2, 3, 5, and 7 days after the injection with RNA and weighing the seminal vesicles.
Analytical procedures: After being weighed, the seminal vesicle was homogenized in ice-cold 10% trichloroacetic acid (TCA) and the precipitate was washed with TCA, ethanol, hot ethanolether, and cold ethanol-ether. The precipitate was dried and then hydrolyzed in 1 N NaOH. An aliquot of the diluted solution was analyzed for protein content by the Lowry procedure,13 using bovine serum albumin as standard.
Testosterone4-C14, specific activity 29.2 mc/mmole, was obtained from Nuclear Chicago Corporation. The benzene vehicle was removed by evaporation in a stream of nitrogen. One mg of testosterone including 45 ug of testosterone-4-C" (5 Mc) was dissolved in 0.1 ml of 70%
propylene glycol and injected subcutaneously into 3-week-old rats 12 hr before they were killed. Blood was obtained from the carotid arteries and the serum was separated from the whole blood. Ribonucleic acid was extracted from the ventral prostate, the seminal vesicle, and the liver by the procedures outlined above. Approximately 10 mg of tissue from the ventral prostate, seminal vesicle, and liver, 0.1 ml of serum, and 400 ,ug of RNA prepared from each of the three tissues were dissolved in 1 ml of Nuclear Chicago solubilizer, and 10 ml of scintillation fluid was added. Quenching of carbon-14 proved to be negligible when these preparations were counted in a Packard Tri-Carb liquid scintillation spectrometer.
Results.-(l) Effects of RNA from immature rats treated with testosterone: The seminal vesicles of three-week-old rats treated with RNA prepared from the seminal vesicles of testosterone-treated immature rats showed an increased weight 48 hours after injection (Table 1 ). In contrast, the seminal vesicles of rats injected with saline in the seminal vesicle showed no increase in weight ( Table 1 ). The injection of RNA prepared from the liver or ventral prostate of testosterone-treated three-weekold rats did not lead to any significant increase in the weight of the seminal vesicles. The injection of RNA preparations from the tissues of untreated three-week-old male rats had no effect on the weight of the seminal vesicles ( Table 1) .
The possibility that the RNA preparation might be contaminated with testosterone was examined by experiments using testosterone labeled with carbon-14. One milligram of testosterone containing 5 lic of testosterone4-C14 was injected into each three-week-old rat. Twelve hours later when the rats were killed, only trace amounts of radioactivity were detected in any of the tissues. Thus, the liver contained 1945 i 195 cpm/100 mg of tissue, the ventral prostate contained 659 i 349 cpm/100 mg of tissue, the seminal vesicle contained 1250 cpm/100 mg of tissue, and there was 216 + 36 cpm in 0.1 ml of serum. No radioactivity could be detected in the RNA preparations from the seminal vesicle, ventral prostate, and liver 12 hours after the administration of testosterone. It is known from the work of others that when testosterone4-C14 is injected intravenously, it accumulates in organs such as prostate and seminal vesicle but the peak of the accumulation is reached in ten minutes.14 Testosterone is metabolized in the prostate to androstenedione and other products. 15
(2) Effects of RNA preparationsfrom the tissues of adult male rats: RNA preparations were made from the tissues of untreated adult male rats and injected into the seminal vesicles of three-week-old rats. RNA from the seminal vesicle of adult rats gave a remarkable stimulation of the growth of the seminal vesicle of three-week-old rats. Saline-treated control rats or animals whose seminal vesicles were pinched with forceps to simulate the trauma of the injection process showed no comparable increase in weight.
RNA preparations from the ventral prostate, the liver, and the kidney of adult male rats also led to a stimulation of the seminal vesicle of immature rats similar to that induced by injecting RNA from the seminal vesicle of the adult rats (Table 2) . RNA preparations digested with ribonuclease or heated in boiling water lost their potency in increasing the weight of the seminal vesicle when subsequently injected ( Table 2 ).
The amounts of protein in the seminal vesicles following treatment with RNA extracts from the tissues of adult rats are summarized in Table 3 . The amount of protein per milligram wet tissue in the seminal vesicle of three-week-old rats 48 hours after the injection of RNA tended to be slightly less than the amount of protein in the seminal vesicles of untreated rats of the same age. However, the total amount of protein in the seminal vesicles increased remarkably after injection of RNA preparations from the ventral prostate, liver, kidney, or seminal vesicle of (Table 3 ). The time course of the effect of RNA on the growth of the seminal vesicle was observed in other experiments. The stimulatory effect of RNA from the seminal vesicle or liver of the adult rat was sustained for at least five days after treatment with RNA ( Fig. 1 ).
The weight of the seminal vesicles of three-week-old rats attained a peak two to three days after the subcutaneous injection of 1 mg of testosterone. The weight gradually returned to control values by seven days after the injection (Fig. 2) . Within 12 hours after the administration of testosterone, the weight of the seminal vesicle had increased to nearly 40 per cent over the control value.
Discussion.-RNA preparations from the seminal vesicle of testosterone-treated three-week-old rats or RNA preparations of the kidney, liver, ventral prostate, or seminal vesicle of adult male untreated rats stimulated the growth and protein content of the seminal vesicles of immature rats. In contrast, RNA preparations of the ventral prostate or liver from testosterone-treated immature rats and RNA preparations from any tissue of untreated three-week-old rats were without effect. Thus, the only RNA preparation from an immature rat that stimulated growth of the seminal vesicle was RNA from the seminal vesicle of testosterone-treated rats. In contrast to this, RNA preparations from the liver, ventral prostate, kidney, and seminal vesicle of adult male rats were equally effective in stimulating growth of the seminal vesicles of immature rats as measured by organ weight. Mansour and Niu8 reported that only uterine RNA from adult mice would increase the alkaline phosphatase in the uterus of castrated mice. Segal et al.7 also observed that the uterine RNA from estrogen-treated castrated rats was specific in initiating estrogen-like morphologic changes in the uterus of the castrated rat. The present data show that although RNA preparations of tissues from immature rats are specific for tissues, there is a broadening of this specificity in adult male rats, for RNA from liver, kidney, or ventral prostate also stimulated growth when injected into the seminal vesicle of the immature rat. It should be noted that the prostate, seminal vesicle, kidney, and liver are all tissues that are known to respond metabolically to injected androgens, and thus the finding that RNA from these tissues can stimulate the seminal vesicle is not unexpected.
The present experiments do not provide evidence as to whether the RNA injected into the lumen of the seminal vesicle is actually transported into the tissues of that gland. The transport of RNA into mammalian cells in vitro has been verified by using labeled RNA. [16] [17] [18] The marked increase in the amount of protein in the seminal vesicle after the injection of RNA indicates that the de novo biosynthesis of protein itself was stimulated by the addition of the RNA preparations. The effect of RNA from adult rat liver and seminal vesicle on the weight of the seminal vesicle of the immature rat was sustained for five days and at the seventh day the weight of the seminal vesicle showed a slight regression toward the control value. The present experiments also showed that the maximum response of the seminal vesicles of three-week-old rats to a single injection of testosterone was attained on the second to third day following the administration of the hormone. Even the relatively high dose of 1 mg of testosterone per rat could not maintain its growth-stimulating effect on the seminal vesicle for more than five days in immature rats. The single injection of RNA preparations from the adult rats resulted in an increased weight of the seminal vesicle of three-week-old rats so that it attained essentially the weight of a four-week-old rat.
The possibility that either endogenous or exogenous testosterone might contaminate the RNA extracted from testosterone-treated immature or untreated adult animals must be considered. This seems unlikely because the RNA of the liver and ventral prostate from testosterone-treated immature rats did not show any effect on the growth of the immature seminal vesicle, and the RNA preparations of adult rats showed no effect after digestion with ribonuclease. The possibility that the RNA preparations were contaminated with exogenous testosterone was examined in experiments using carbon-14-labeled testosterone. In these experiments a small amount of radioactivity was detected in the tissues. However, the RNA preparations prepared from these tissues contained no detectable radioactivity.
Summary.-Preparations of RNA from the seminal vesicle of testosteronetreated immature rats and from seminal vesicle, prostate, liver, and kidney of adult male untreated rats stimulated the growth and protein content when injected into the seminal vesicles of immature rats. Preparations of RNA from the ventral prostate or liver from testosterone-treated immature rats and RNA from any tissue of untreated immature rats were without effect. Treating RNA with ribonuclease or heating it in boiling water removed the growth-promoting activity. Experiments with testosterone-4-C14 showed that the RNA preparations are not contaminated with testosterone.
